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(71) We, Eastman Kodak Company, 
a Company organized under the Laws of 
flie State of New Jersey, United States of 
Amenca of 343 State Street, Rochester, New 
York 14650, United States of America, do 
hereby declare the invention, for which we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particulariy described in and 
by the following statement:— 

ITiis invention relates to a multilayer 
analytical element, such as an elongated 
analytical tape, for use in automated spectro- 
photometric analysis of fluids, and especi- 
ally of body fluids sudi as blood. 

h recent years, a number of automated 
systems for carrying out quantitative chemi- 
cal analyses of fluid samples have been 
developed and these have proven particu- 
larly advantageous for use in clinical labora- 
tories; especially in the analysis of blood. 
Systems based on continuous flow analysis 
in which sample, diluents and test reagents 
are mixed together and transported through 
the analyzer are very widely utilized. How- 
ever, these continuous analyzers, such as 
for exmple, the analyzer illustrated in 
Uiuted States patent 2,797,149, are complex 
and expensive, require skilled operators 
necessitate considerable expenditure of time 
and effort m repetitive cleaning operations, 
and do not permit the use of very smaH 
quantities of sample, such as are used in 
microanalytical techniques. In an effort to 
overcome these disadvantages, automated 
chemical analyzers have beoi proposed 
which utilize a continuous analytical tape 
on which the sample to be analyzed is de- 
posited and which effect quantitative 
analysis by means of spectrophotometric 
measurement of colour-forming reactions 
between constituents of the sample to be 
analyzed and test reagents applied to or 
carried by the tape. Analyzers of this type 
are described in detail in many patents, for 
example, in United Kingdom Patent 



^ United States Patents 
3,036,893 and 3,526,480. 

The analyzers utilizing continuous ana- 
lytical ta^es are inherently much shnplw 
than continuous flow analyzers. However 
analytical tape analyzers such as are desl 
cribed in the aforesaid patents suffer from 
many agnificant disadvanUtges which have 
hindered their commercial development. 
Thus, where the tape does not incorporate 
the test reagents vdthin itself and is merely 
utihzed as a means of transporting the 
sample to be analyzed through the system, 
as m certam embodhnents of United Kine^ 
dom patent 1,049,364, provision must be 
made for separate application of sample and 
test reagents to the tape at the A time 
and m the nght amounts. The use of sepa- 
rate tapes to accomplish various functio^, 
such as sample spreading, filtering, and re^ 
action of the sample with the test reageits, 
as m. United States patent 3.036,893 aid S 
certam embodnnents of United Kinedom 
patent 1.049 364. adds greatly To 
plexity of the system so that the inherent 
simphcity of the continuous tape method 
of analysis is not fully realized. Ose of ana- 
J^cal tap^ of a complex nature which are 
difficult and expensive to manufacture, such 

f526'^nT'''1 ^ United States patent 
3.526,480 IS. of course^ also a serious 

tiSl'^^° '"^ * commercially prac- 
. In accordance with the invention, there 
multilayer analytical 
element for use m automated spectrophoto- 
metric analysis which is simple in'struc 
S^h! ^^""'^'''Hred at reasonable cost, 
and adapted to carrying out a variety of dif- 
ferent analyses in continuous analjzers in 
a simple and effective manner. This ana 
lyticaT element is usuafly used in the fonn 
of a long contmuous strip or tape and. for 
convenience m describing the Jresen 1 
vmtion is generally referred to herem as 
an analytical tape. However, It wiU 
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apparent that the element can be used in 
other forms, such as sheets or short strips 
or in the form of small sections mounted in 
aperture cards, and all such forms of the 
5 element are intended to be within the scope 
of the present invention. As hereinafter 
described, the multilayer element incorpor- 
ates within a reagent layer the test reagents 
needed for carrying out the analysis so tiiiat 

10 in use the operator merely needs to provide 
for proper application of the sample which 
is to be analyzed. Automated dispensers for 
applying a controlled amount of sample to 
the element at the appropriate location are 

15 known and any such dispenser may be used 
with the element of this invention. Quanti- 
tative analysis for particular constituents of 
the sample, for example, analysis for glu- 
cose in blood, is readily accomplished by 

20 use of conventional spectrophotometers. 
Ihe analytical tape of this invention is 
an integral multilayer tape which provides 
all the layers needed for carrymg out the 
various functions involved in the analytical 

25 process, as contrasted with automated sys- 
tems of the prior art in which two or more 
tapes are brought into temporary contact 
with one another to form a composite struc- 
ture and then separated. It is comprised 

30 of a support, a reagent layer which con- 
tains one or more test reagents for reaction 
with constituents of the sample to be ana- 
lyzed, and a porous medium, comprised of 
one or more layers, for performing the 

35 functions of spreading and optiondly filter- 
ing the sample and in some embodiments 
for facilitating spectrophotometric analysis, 
as will be hereinafter described in detail. 
Since the tape is an integral multilayer 

40 structure in which the support and the vari- 
ous layers are bonded together and since 
in use it is only necessary to apply the 
sample to be analyzed to the top layer of 
the tape and direct the tape through an 

45 appropriate transmission or reflection 
spectrophotometric analyzer, die equipment 
used in the automated analysis procedure 
need not be complex and the inherent sim- 
plicity of the continuous analytical tape sys- 

50 tem of analysis is fully realized. 

The support used in the multilayer ana- 
lytical tape of the present invention is com- 
prised of a lipht-transmitting, liquid imper- 
meable material. As long as it meets these 

55 criteria, the particular material used as the 
support is not important A variety of poly- 
meric materials are well suited for this pur- 
pose, such as, for example, cellulose acet- 
ate, poly(ethylene terephthalate), polycar- 

60 bonates, or polystyrene. The support may 
be of any suitable thickness, typically from 
0.002 to 0.010 inches thickness. 

The reagent layer may be coated directly 
on the support or a li^t-transmitting sub- 

65 bing layer may be used to aid in bonding 



the reagent layer to the support. Tlie pur- 
pose of the reagent layer is to contain the 
test reagents intended to undergo colour 
forming reactions with constituents of the 
sample to be analyzed. A coatmg of a dis- 70 
persion of one or more of such test re- 
agents in a hydrophilic colloid which serves 
as a binder, such as gelatin or polyvinyl al- 
cohol, is suitable as the reagent layer. The 
particular reagents incorporated in the re- 75 
agent layer will, of course, be dependent 
upon the particular material which is to be 
analyzed and the particular colour-fomung 
reaction that is chosen for identifying this 
material. go 

On the side of the reagent layer oppo- 
site from the support are located one or 
more layers which performs the function of 
spreading the sample to distribute it uni- 
formly in the lateral direction. The same 85 
or additional layers may perform the func- 
tion of filtering the sample to remove com- 
ponents that would interfere with the oc- 
currence or measurement of the colour- 
forming reaction, and reflecting the li^t 90 
transmitted through the support when carry- 
ing out r^ection spectrophotometric ana- 
lysis. Thus, the multilayer analytical tape 
of the present invention will comprise at 
least two layers in addition to the support, 95 
one of these being the reagent layer and 
the other being a layer which is capable of 
performing one or more of the aforesaid 
functions. However, a separate layer can 
be used for each of these three functions, if 100 
desired, and in this instance the tape would 
comprise four layers in addition to the 
support. Altematively, a sin^e layer can 
be used to perform two of the three func- 
Uons and a different layer to perform the 105 
mird. Also, smce more than one layer can 
be used for a given purpose, for example 
two or more contiguous layers may be uti- 
lized as reagent layers, the multilayer tape 
can also be of an even more complex con- 110 
struction than the aforesaid four layer em- 
bodiment. 

The sample spreading layer in the multi- 
layer analytical tape is in the position outer- 
most from the support and is the layer 115 
upon which the liquid sample to be ana- 
lyzed, such as a sample of whole blood, is 
deposited. Typically, the sample is applied 
to the sample spreading layer by an auto- 
mated dispensing apparatus which is cap- 120 
able of dropping a small drop of liquid 
sample at a desired location. The sample 
spreadmg layer functions to distribute flie 
drop uniformly in a lateral direction. Its 
importance in minimizing the tendency for 125 

nng formation to occur withm the re- 
agent layer of the analytical tape will be 
apparent from the discussion of this 
phenomenon in prior patents, such as United 
States patents 3,036,893 and 3,526,480 which 130 
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are referred to hereinabove. ITius, if drops 
of the sample to be analyzed were applied 
directly to the reagent layer, in spreading 
laterally they would form a "ring" in which 
5 there is a reduced concentration of test 
reagent in the central area and an increased 
concentration about the periphery. This 
would result in non-uniform colour develop- 
ment which would seriously hinder quantita- 

10 tive measurement by spectrophotometry. 
However, in the multilayer analytical tape 
of the present invention, a sample spread- 
mg layer is provided in which essentially all 
lateral movement of the sample takes place 

15 so that as sample reaches the reagent layer 
it does not spread laterally and consequently 
does not cause uneven distribution of test 
reagent. 

With the multilayer analytical tape des- 

20 cribed herein, variations m the volume of 
sample applied to the tape affects the dia- 
meter of the coloured spot formed in the 
reagent layer but the volume of liquid per 
unit area which reaches the reagent layer is 

25 substantially constant regardless of varia- 
tions in the volume of sample applied. Ac- 
cordingly, the density of the colour formed 
in the reagent layer by the coiour-formmg 
reaction is not signiiScantlv affected by varia- 

30 tions in the size of the drop applied to the 
tape and is dependent only on the concen- 
tration of the component undergoing the 
colour-forming reaction. This makes it un- 
necessary to apply drops of uniform size 

35 to the tape or to know the size of the drop 
applied in order to obtain the desired 
quantitative analysis. 

The function of the optional filtering 
layer is to remove from the sample compo- 

40 nents that are present which would interfere 
with the colour-forming reaction in tiie re- 
agent layer or would hinder the spectro- 
photometric measurements. Thus, in the 
use of the multilayer analytical tape for 

45 analysis of constituents of whole blood, the 
filtering layer would serve to remove red 
blood cells while transmitting the serum to 
the layer below. The filtering layer can be 
comprised of any material that will provide 

50 a proper degree of porosity for the sample 
being analyzed, with the optunum porosity 
depending upon the particular use for 
which the multilayer tape is intended. If 
the tape is to be used for analysis of whole 

55 blood, it is desirable fliat the filtering layer 
have a pore size of 1 to 5 microns. This 
pore size is effective in screening out blood 
cells, which typically have a size of from 
7 to 30 microns, while still providing an 

60 adequate rate of passage for the serum. A 
pore size in the filtering layer which is too 
small can restrict the utility of the tape, for 
example, it could unduly inhibit the passage 
of blood proteins for tfiose tests where it 



is important tliat tiiese be transmitted to 65 
the reagent layer. 

The multilayer analytical tape of the pre- 
sent invention may be adapted for use in 
an analytical system employing reflection 
techniques of spectrophotometric analysis 70 
and preferably includes a layer which func- 
tions as a reflecting layer and tiiereby pro- 
vides a suitable background for spectro- 
photometric measurement throu^ the sup- 
port side of tiie tape. The reflecting layer 75 
must be a porous layer to permit the pass- 
age of constituents of tiie sample which are 
to be analyzed into the reagent layer and 
should be white in order to provide an effec- 
tive background for reflection spectrophoto- 80 
me^. In a multilayer tape intended for 
^alysis of whole blood flie blood cells are 
blocked by the filtering layer but fliey do 
not interfere with reflection spectrophoto- 
metric measurements since these are made 85 
through the support with flie reflecting 
layer servjng as a suitable white background. 

In readmg an unused analytical element 
of tiie type described herein in the reflec- 
tion spectrophotometric mode, flie j^oto- 90 
meter-detector sees only about 1% of tiie 
energy incident on tiie element. This 1% 
of mcident radiation tiien becomes flie 100% 
reference level for subsequent reflection 
measurements of elements to which a sample 95 
has been applied. This low collection efli- 
ciency is the result of flie diffuse reflectence 
of tiie spreading layers of tiie type described 
heremabove, and the small collection angle 
needed to discriminate against scattered 100 
light. 

In reading the same element in tiie trans- 
mission mod^ flie detector sees about 1.5 to 
2% of tiie energy incident on flie multilayer 
element, io5 

Other forms of spectrophotometry can 
also be used to advantage. These include 
fluorescence spectrophotometry, wherein flie 
reaction product of tiie sample and flie test 
reagent is a fluorescent material and reading 110 
IS with radiation which causes flu's reaction 
product to fluoresce. 

As hereinbefore described, a single layer 
can be provided which wifl serve flie func- 
tions of sample spreading and filtering and 115 
will also serve as a reflecting layer. An 
example of a suitable layer which will per- 
form all of these functions is a 'Ijlush poly- 
mer' layer. As is well known, a "blush 
polymer layer is a polymer layer formed 120 
on a substrate by dissolvmg a polymer in 
a mixture of two liquids, one of which is 
a good solvent for tiie polymer and flie other 
of which is of higher boiling point and is 
a non-solvent or at least a poor solvent for 125 
the polymer, coating flie polymer solution 
on tiie substrate, and drying the coating 
Since flie good solvent will evaporate more 
readily because of its lower boiling point, 
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the coating becomes enriched in the liquid 
which is a poor solvent or non-solvent as 
evaporation proceeds and, in consequence, 
the polymer precipitates out in the form of 
5 fine particles and forms on the substrate an 
adherent porous layer. Many different poly- 
mers can be used for preparing "blush poly- 
mer" layere for use in the invention, typical 
examples being polycarbonates, polyamides, 
10 and cellulose esters. 

As an alternative to coating a "blush poly- 
mer" layer as described above, a useful layer 
adapted to perform the functions of sample 
spreading and filtering, and to provide the 

15 necessary reflective background to allow use 
of the analytical tape in reflection spectro- 
photometry, can be provided by laminating 
to the reagent layer a thin layer of a micro- 
porous filter membrane. These filter mem- 

20 branes are "blushed polymer" materials, 
made, for example, from cellulose esters, 
and contam pores of microscopic size with 
a variety of materials of differing pore size 
bemg available commercially. Examples of 

25 materials of this type which are suitable for 
use in the present invention and which are 
commercially available are the filters sold 
jnder the trademark •Millipore' by the 
MUhpore Corporation and those sold under 

30 the trademark 'Metricel' by the Gehnan In- 
strument Company. 

When a single layer is used to serve as 
a sample spreading layer, the analytical tape 
can be comprised of only two layers and 

35 a support since the only additional essential 
layer is the reagent layer. However, oflier 
layers could also be included, if desired. 
For example, two or more contiguous re- 
agent layers can be provided to permit suc- 

40 cessive reactions in each of the layers to 
occur. Moreover, as hereinbefore described. 
It is withm the scope of the present invention 
to use one layer which serves as a filtering 
and reflecting layer and a separate layer to 

45 serve as a sample spreading layer or to use 
three separate layers to carry out the func- 
tions of sample spreading, sample filtering 
and light reflection, respectively. The layere 
would, of course, be arranged so that the 

50 sample spreading layer would be outermost 
from the support, then would come Ifac fil- 
termg layer, the reflecting layer, and finally 
the reagent layer. ^ 

An example of a layer which is useful 
55 as both a filtering layer and a reflecting 
layer is a layer comprised of titanium di- 
oxide or barium sulphate dispersed in a 
binder such as cellulose acetate, polyvinyl 
alcohol, or gelatin. This layer is particularly 
60 useful m a multilayer tape intended for use 
in analysis of whole blood since it effec- 
tively screens out the blood cells while 
tranmntting the serum and provides an 
effective white background for spectrophoto- 



metric measurement made through the sup- 65 
port. 

A particulariy useful layer for use as a 
sample spreading layer in a multilayer tape 
intended for use in analysis of whole blood 
is a layer comprised of a dispersion of di- 70 
atomaceous earth in a binder such as cellu- 
lose acetate. The diatomaceous earth is 
very effective in distributing the blood uni- 
formly in a lateral direction. Sample spread- 
mg layers can also be prepared from micro- 75 
crystallme colloidal products derived from 
either natural or synthetic polymeric 
materials. These microcrystalline materials 
are described in an article entitled "Colloidal 
Macromolecular Phenomena, Part II, Novel 80 
Microcrystals of Polymers" by O. A. 
Battista et al published in the Journal of 
Applied Polymer Science, Vol. 11, pages 
481—498 (1967). Microcrystalline cellulose, 
which is commercially available from FMC 85 
Corporation under the trademark 'Avicer 
IS an example of a material of this type 
which is satisfactory for use m the present 
invention. 

Good results are also obtained with a 90 
sample spreading layer comprised of inert 
spherical particles of uniform size held in 
a matrix of a bmder material which bonds 
the particles to the underlymg layer. Ex- 
amples of such spherical particles are glass 95 
beads and polymeric resin beads. Gelatin 
and polyvinyl alcohol are particulariy good 
binders for use with the glass beads or resin 
beads. The binder should be used in a 
small amount so as to avoid filling any sub- 100 
stantial portion of the void volume provided 
by flie spheres. A sample spreading layer 
comprised of spherical particles of uniform 
size provides advantages as compared to a 
porous polymer layer such as a "blush 105 
polymer" layer. Thus, it is effective in 
spreading a drop of blood to a unifom 
and reproducible area and it does this so 
rapidly that tiie spreading is completed be- 
fore any significant degree of diffusion of 110 
blood components into adjacent layers of 
tile multilayer tape can occur. This results 
in a very uniform concentration of sample 
constituents in flie reagent layer and a uni- 
form color which is measured as a basis 115 
for tile analysis. While blood cells can 
cause clogging of porous polymer layers, 
tins does not occur wifli a sample spreading 
layer comprised of spherical particles in 
a matrix of binder. The use of spheres of 120 
uniform size provides especially desirable 
results as it provides an adequate volume of 
void space while limiting the average di- 
mension of the interstitial spaces to a rela- 
tively narrow range. This results in a ces- 125 
sation of spreading of the blood once flie 
interstitial volume in the sample area has 
been completely filled and also permits rapid 
drainage of the plasma into tiie underlying 
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inm«ifSSr ^^sP'^eadmg process has been the serum, by such means as centrifuging 

S^ttn Spheres of a size in the range and the seruk appUed to the tepHK' 

fl*°o ^ particularly ever, it is not nec^fsary to make s?ch™pa. 

desirable for a sample spreadme laver to ration, as whoU WnJ CI * 
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acsirable for a sample spreading layer to 
be used with whole blood. A drop of blood 
placed OB such a layer spreads in only a 
few seconds to a circle of uniform area and 
composition and the area covered after 
spreading is directly proportional to the 
sample volume. The incorporation of a 
very anall amount of a surfactant in the 
spreadmg layer, in addition to the spherical 
particles, is advantageous as it accelerates 
the spreading process. 

Other layers in addition to those which 
have been discussed above can also be in- 
cluded in the multUayer analytical tape of 
this invention For example, a dialysis 
layer which is positioned directly over the 
reagent layer can be provided. This layer 



ration, as whole blood can be applied di- 
rectly to the tape and the blood cells fil- 
tered out throu^ the action of the filtering 
layer. The presence of these cells on the 
tape will not interfere with the spectrophoto- 
metric analysis since it is carried out by 
reflection techniques, with li^t being trans- 
mitted through the support and reagent layer 
and reflected from the porous reflecting 
layer. A particularly significant advantage 
of the analytical tape described herein is 
Its abihty to be used to analyze dther eserum 
or whole blood. 

A wide variety of test reagents can be 
used in the analytical tapes described herein 
depwiding on the component or components 
of flie sample which it is desired to measure 



u ' J . yturuicu. ims layer oi me sample wmch it is desired to meawrp 

would be advantageous in analyzing for and the p^cular colour3foS rSons 

glucose m Wood as it would permit the utilized. In blood tesS SKIJS^S 

K^iw! S"""' aie reagent layer of glucose can heSlf^SZStl 



70 



75 



80 



85 



weight proteins which could interfere with 
the glucose analysis. A semipermeable cel- 
lulose acetate membrane which serves to 
separate high molecular wei^t materials 
from low molecular weight materials would 
be suitable for a dialysis layer. Such a 
layer functions, of course, by a different 
mechanism flian a porous polymer layer 
sudi as the "blush polymer" layer des- 
cribed hereinabove, which merely acts as a 
screen in which tiie pores permit tiie pass- 
age of solutions and small particulate mat- 
ter but block tiie passage of particles which 
are too large to pass through tiiem 



90 



95 



J . — —Kw-i.li ill lu*, icagcui layer 

and measurmg the decrease in the yeUow 
colour of ferriqranide caused by reaction of 
the ferricyanide with ^ucose. High mole- 
cular weight proteins that are present in 
blood cause some reduction in ferricyanide 
and flius will interfere with this test for 
ducose unless a dialysis layer as herem- 
before described is included in the tape In 
testing for uric acid in blood, the reagent 
layer can consist of a mature of copper sul- 
phi>te and neocuproine dispersed in the 100 
bmder. The uric acid causes the reduction 
of copper (H) to copper (I) which then com- 
plexes with the neocuproine to form a 



TiTI Sii ""yufiii mem. piexes wiui the neocuproine to form 51 

The multilayer analytical tape of tiie coloured product, wifli thrdenStv of^fH^ 

present invention can be adapted for use in colour befag directiy^latS to S?cSnc2. 

carrymg out a wide varietv of chemical tration of 



* , — VMM Huaj^i^u lui UOC lU 

carrymg out a wide variety of chemical 
analyses, not only in tiie field of clinical 
chemistiy but in chemical research and in 
chemical process control laboratories. It 
IS especially well suited for use m clinical 
testmg of body fluids, such as blood and 
urme, since in tiiis work a large number 
of repetitive tests are frequentiy conducted 
and test results are often needed a very short 
time after flie sample is taken so tiiat auto- 
mated testing is highly desirable. In flie 
field of blood analysis, for example, flie 
multilayer tape can be adapted for use in 
carrymg out quantitative analyses for many 
of the blood components which are routinelv 
measured. Thus, for example, tiie tape 



105 



ZZ^u — jT % . cAoiupie, uie lape miouiq oe mcorporated in a first reaapnt 
ma;^ be readily adapted for use in tiie ana- layer which is co^ed over a secoS r^S 
lysis or such blood components as albumin, layer that contains thet salt 



lysis Of such blood components as albumin 
bilirubm, urea nitrogen, serum glutamic- 
oxalacetic transaminase, chloride, glucose 
unc acid, and alkaUne phosphatase, as well 
as many other components, by appropriate 
choice of test reagents. In analyzing blood 
with the analytical tape of this mvention, 
the blood cdls may first be separated from 



tration of unc acid. In the determmation 
ot the enzyme known as serum glutamic- 
oxalacetic transaminase, sequential reactions 
can be used This enzyme catalyzes the 
coMion of glutamic acid to oxalacetic 110 
acid at a pH of 7.4 and the oxalacetic acid 
can be measured via coupling with the di- 
azonium salt of a dye known as "Fast 
Ponceau L;'. To fiicilitate the first equiU- 
bnum bemg established before colour 115 
couplmg. It IS desirable to separate the re- 
agente mto two distinct layere to provide a 
suitable tune interval for the first equilibrium 
to be established before being affected by 
the second reaction. Thus, the glutamic acid 120 
should be incorporated in a first reagent 
laver which is /^naw j „ » . 



, - , ~-..^v* v»vi a sa;uuu leaSoit 

^yer that contains the salt of Fast Pon^u 

a'^ automated analysis system usmg 125 
the multdayer analytical tape of this inven- 
Uon would provide means for unwinding the 
tape from a supply roll and for guiding it 
beneath a sample dispenser where a drop of 
the sample to be analyzed, such as whole 130 
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blood or serum, would be applied to the 
surface of flie tape> flien directoig the tape 
through one or more processing zones, and 
finally winding it on a take-up roll. In the 
aforesaid processing zones, me tape would 
be subjected to appropriate conditioning to 
facilitate the colour-forming reaction be- 
tween a component of the sample and a 
component of the reagent layer. Such con- 
ditioning could include heating or the appli- 
cation of water or other solvent to promote 
the reaction. The analytical measurement 
would typically be made by passing the tape 
through a zone in which suitable apparatus 



cards which are conveyed by appropriate 
apparatus for handling aperture cards 
through a sample receiving zone, one or 
more conditioning zones such as zones for 
application of heat or solvent, and a zone 
m which the spectrophotometric measure- 
ments are made. A plurality of different 
analytical elements each of which contains 
the reagents needed to analyze for a par- 
ticular component of a sample can be 
mounted in a single aperture card to enable 
this card to be used to perform a variety of 
tests. 

In the accompanying drawing, Figures 1 



for transmission or r^cti^-^;^^^^^^ to 4 eSraon^STradti 

meby is provided, such apparatus serving layer analyticS eSte of^e n^^SS; 

to direct a beam of light tlSougli the sup- invention. ^ ^^^^ 

port which is then transmitted or reflected As shown in Figure 1 an analytical 

Use of reflecuon sraectrMihotometry effec- is coated a reagent layer 12 a refleSn» 

tjvdy avoicb optical inteilwence from .resi- layer 14 which" pSes a whfte baSgSSd 
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dues, such as blood cells, which have been 
left on or in the layers of the tape. Con- 
ventional techniques of fluorescence spectro- 
photometry can also be employed if desired. 
To provide a control for the analysis, a drop 
of a standard solution of the component 
which is to be analyzed can be applied 
adjacent to the area where the drop of 
sample is placed in order to permit the 
use of differential measuremrats in fbs 
spectrophotometric analysis. 

The multilayer analytical tapes of this m- 
vention can be manufacturerd in any appro- 
priate width, a typical size being a tape with 
a width of sixteen millimetres, and would 



90 



95 



100 



for reflection spectrophotometry through sup- 
port 10. a filtering layer 16, and a sample 
spreadmg layer 18. Reagent laya 12 
be composed of a dispersion of one or more 
twt reagents in a binder such as a gelatin 
while each of layers 14, 16 and 18 can be 
a bluA polymer" layer havmg a pore size 
adapted to the particular function it is in- 
tended to perform. In an alternative em- 
bodunent of the invention shown in Rgure 
2, flie analytical element is composed of a 
support 20 bearing a reagent layer 22 and a 
layer 24 which serves tiie functions of sample 
spreadmg and filtering and which also pro- 

tyiucally bep-roTuafi^-^^^^^^ sproV^S^'tS' ?uppo^"o 

engtii of tape wound on a spool or endosel Cayer 24 can^ for eSmDK^«wS 

S'slnVSJ'- 1 "^^^ "^"^ P°Iy^«'" Jay« which hrH^ated^JS 

using these tapes ran be designed to use layer 22 or a layer of T^mooml^ fiUer 105 

^flt^^f^ °* "^^^ "embrane whicK 4enSK 

IS mtended to carry out a smgle test on a 22. Figure 3 iUustrates l^nh^reZS 
Jige number of separate sampfes, or can be ment of the invSi £ which^ e anSJSi 
deigned to use a number of different tapes, element is composS oflSrt 30 SS^: 

aniultaneously or sequentiaUy. each layer 32, a dialysis hytr 34 Shich fe f^S 110 
of which mcorporatestiie reagents needed to from a semi-permeaU meSne S a 
analyze for a particular component of the layer 36. such^as a 'Susf SE" Wr 
^mple Asmgleanalyticaltapecanbeused which serves tiie functiSoffik sdS 
to analyze for two or more components in ing and filtering and S pSes a^?k 
a sample by incorporating test reagents for a#le background for SoS5?oohotS' 115 
a^ni^^'e in a single metry through support 3a A sffl fSS 
embodiment of flie invention is shown in 
Figure 4 in which the analytical element is 
composed of support 40, a first reagent layer 
42 a second reagent layer 44, a layer 46 12) 
which serves as a filtering and light reflecting 
'*yer, and a sample spreading layer 48 



reagent layer or in two or more separate 
reagent layers as long as the reagents chosen 
function in such a way that none of them 
interferes with the functioning of any of the 
others. The reagent layer can also take the 
form of a plurality of parallel contiguous 



contams test reagents adapted to carrv out a rfkn^rcinn nf 



contains test reagents adapted to carry out 
analysis for a particular component of the 
sample. As previously disclosed herdn, the 
multilayer analvtical element of the present 
invention can be used in forms other than 
that of a long contmuous tape, for example 
small sections can be mounted in aperture 



a dispersion of titamum dioxide in cellulose 
acetate and layer 48 can be composed of a 125 
dispersion of diatomaceous earth in cellulose 
acetate or of glass beads in gelatin. 

llie following examples of multUayer 
analytical tapes as hereinbefore described 
are given to further illustrate the invention. 130 
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Example 1 

A reagent layer consisting of a dispersion 
of copper sulphate and neocuproine in gelatin 
was coated on a 0.004 inch thickness poly- 
5 (ethylene terephthalate) fihn at a coating 
wei^t of 0.84 mg/dm^ of copper sulphate, 
1.28 mg/dm- of neocuproine and 53,9 mg/ 
dm^ of gelatin. To form a multiplayer 
analytical tape in accordance with the present 

10 invention, there was laminated to this re- 
agent layer a layer of microporous filter 
material having a thickness of 180 microns 
and an average pore size of L2 microns. 
The filter material employed was a com- 

15 mercially available cellulose acetate nitrate 
microporous membrane sold by WQUipore 
Corporation under the trademark 'Millipore' 
MF filter. It was laminated to the reagent 
layer by first steaming the reagent layer for 

20 several seconds to soften it, then pressing 
the filter layer into contact with the reag^t 
layer, and then rolling under li^t pressure 
to effect bonding. This analytical tape is 
useful for the detection of uric acid in blood, 

25 with the presence of uric acid being indi- 
cated by the formation of a pink colour in 
the reagent layer. 
Example 2 
An analytical tape useful for the detection 

30 of uric add in blood was prepared in the 
same manner and using the same materials 
as in Example I except that polyvinyl 
alcohol was used as a bmder in the reagent 
layer in place of the gelatin. The poly- 

35 vinyl alcohol was employed at a coating 
weight of 43.1 mg/dm^ 
Example 3 

An analytical tape useful for the detection 
of chloride in blood was prepared in the 

40 same manner and using tht same materids 
as in Example 1 except tibat the reagent 
layer consisted of silver chromate dispersed 
in gelatin at a coating weight of 53.9 mg/dm^ 
of gelatin and 18.0 mg/dm- of silver. The 

45 presence of chloride in a sample is indicatedi 
by this tape by a change in the colour of 
the reagent layer from reddish-brown to 
yellow. 



Example 4 

An analytical tape useful for the detection 50 
of albumin in blood was prepared in the 
same manner and using the same materials 
as in Example 1 except that the reagent 
layer consisted of 4.66 mg/dm^ of hydroxy 
phenylazobenzoic acid dispersed in 21.0 mg/ 55 
dm^ of a . copolymer of acrylic add and 2- 
acetoacetoxyethyl methacrylate. The pres- 
ence of albumin is indicated by the formation 
of a pinkish-orange colour in the reagent 
layer. fio 
Example 5 

A reagent layer consisting of glucose 
oxidase at 3.15 mg/dm^ peroxidase at 3.95 
mg/dm^ o-dianisidine hydrochloride at 4.42 
mg/dm^ and gelatin at 215 mg/dm* was 65 
coated on a 0.004 inch thickness poly- 
(ethylene terephthalate) fihn. A slurry was 
then prepared by mixing 12.0 grams of 
titanium dioxide and 50 millilitres of a 3% 
by weigjit solution of cellulose acetate in 70 
acetone and diluting to a volume of 80 
millilitres with a mixture of equal parts by 
volume of acetone and xylene. The slurry 
was coated over the reagent layer at a 
coverage of 300 mg/dm^ of titanium dioxide 75 
and 37.2 mg/dm= of cellulose acetate to form 
a layer adapted to serve as both a filtering 
and light reflecting layer. A sample spread- 
mg layer was then coated over this layer 
from a slurry of diatomaceous earth, sali- 80 
cylic acid and cellulose acetate dispersed 
in a mixture of 1.2 parts dichlorethane to 
one part acetone by volume. Three different 
analytical tapes were prepared by utilizing 
different amounts of diatomaceous earth in 85 
the sample spreading layer and each tape 
was tested for its ability to effectively spread 
blood by depositmg a 10 microlitre sample 
of whole blood on the sample spreading 
layer. The time required for the blood to 90 
diffuse completdy into the tape and the dia- 
meter of the spot formed on the tape, as 
measured through the support, were deter- 
mined for each or the three tapes. Results 
obtained were as follows: 95 



Test 
No. 

100 


Diatomaceous 
Earth 
(mg/dm=0 


Salicylic 
Acid 
(mg/dm-) 


Gdlulose 
Acetate 
(mg/dm*) 


Diffusion 

Tune 
(seconds) 


Spot 
Diameter 
(centimetres) 


1 


300 


3.00 


372 


26 


1.05 


2 


375 


3.75 


372 


41 


1.00 


3 


450 


4.50 


372 


31 


1.00 



105 The analytical tapes described in this ex- 
ample are useful for the detection of glucose 
in blood, with the presence of glucose being 
indicated by the formation of a medium 
brown colour in the reagent layer. 

110 Example 6 

A reagent layer of the same composition 



as that described in Example 1 was coated 
on a 0.004 inch thickness poIy(eth:^lene 
terephthalate) film and a layer of micro- 
porous filter material as described in Ex- 115 
ample 1 was laminated to the reagent layer. 
The layer of microporous filter material was 
utflized to perform the function of filtering 
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8 



the sample and to provide a suitable back- 
ground for reflection spectrophotometry. To 
form a sample spreading layer, glass beads 
of 80 to 120 mesh in size, were mixed in a 
5 proportion of one gram of beads to 0.5 
millilitres of a solution containing 2.5% by 
weight gelatin and 0.01% by wdght of a 
surface active agent sold by Olin Mathieson 
Compa^iy under the trademark 'Surfactant* 

10 lOG (a para-isononylphenoxy polyglycidol 
having ten glycidol units), and the resultmg 
slurry was spread in a thin layer, such that 
\ the amount of slurry containing one gram 
^ of beads covered an area of 27 cm% over 

15 the layer of microporous filter material. A 
10 microlitre sample of whole blood was 
deposited on the sample spreading layer and 
spread m less than one second to a circular 
area of approximately one centimetre in 

20 diameter. 

Example 7 

A reagent layer contaming glucose oxidase 
at 2.15 mg/dm^ peroxidase at 1.07 mg/dm% 

25 o-diamsidine hydrochloride at 3.20 mg/dm- 
and gelatin at 215 mg/dm- was coated on 
a 0.007 inch thickness poly(ethylene tere- 
phthalate) fibn. To form a multilayer 
analytical tape, a layer of the microporous 

30 filter membrane described in Examolel was 
laninated to the reagent layer. The effect 
of variation in sample size upon the area 
and reflection density of the coloured spot 
formed in the reagent layer was determined 

35 by applying different size samples of a 
glucose solution, containing 100 miUigrams 
of glucose per 100 millilitres of distilled 
water, to the analytical tape and measuring 
the area of the spot formed and its reflec- 

40 tion density. Readings of the reflection 
density were taken five minutes after appli- 
cation of the sample to the tape. Results 
obtained were as follows: 



45 Sample Size 
(microlitres) 



50 



Spot Area 
(mm-) 



Rdlection 
Density 



5 
8 
10 
12 
15 



30 
50 
63 
86 
92 



0.66 
0.71 
0.70 
0.65 
0.70 



55 As indicated by these results, the reflection 
density values obtained remain substantially 
the same as the size of the drop applied is 
varied. Accordingly, the multilayer analytical 
tape of the present invention permits quan- 

60 titeUve analysis for a component of a sample 
without it being necessary to apply a known 
volume of sample to the tape. 



65 



Example 8 
The following solutions were prepared: 



(a) 3.23 grams of low temperature set- 
ting agarose (polysaccharide) in 70 ml of a 
0.3 M buffer of 2-amino-2-hydroxymethyl 
1,3-propanediol solution; 

(b) 108 international units of glycerol 70- 
d^ydrogenase, 108 mg of human serum 
albumm, 108 mg resazurin, and 54 mg of 
diaphorase; and 

(c) 54 mg of nicotamide adenine di- 
nucleotide in 10 ml of 0,3 M buffer solution 75 
of 2-aniino-2-hydroxymethyl 1,3-propanedioL 

The foregoing solutions were mixed and 
coated on a 0.010 inch thickness cellulose 
triacetate film support to a coverage of 1 
square metre. The layer was then laminated 80 
with a superposed spreadmg layer of the 
type described in Example 1. 

Spotting of the surface of this element 
with aqueous glycerol solutions comprising 
varymg concentrations ranging from about 85 
50 to about 500 mg per decilitre of glycerol 
produced, after drymg, areas of fluorescence 
which, when observed using a fluorescence 
spectrophotometer, produced fluorescence 
proportional to the concentration of glycerol 90 
present in the spotted sample solution, 
Mdtation was achieved using radiation of 
540 nm wavelength and fluorescence 
occurred at 590 nm. 

95 

Example 9 
The followmg solutions were prepared: 

(a) 107.6 international units of glycerol 
dehydrogenase and 107.6 mg of human 
serum albumin dissolved in 20 ml of 0.3 M 100 
glycme buffer (pH 9,6). 

(b) 2.150 grams of low temperature set- 
ting agarose (polysaccharide) in 70 ml of 0 3 
M glycine buffer (pH 9.^. 

Ic) 504 mg of nicotamide adenine di- 105 
U"c^eotide in 10.7 ml of glycine buffer {03 

Solutions a, b, and c were mixed at 40'*C 
and coated on a cellulose triacetate support 
to form a layer 1 square metre in area. 110 
This layer was then laminated with a super- 
posed spreadmg layer as described in 
Example 1. 

The surface of this element was spotted 
with varying concentrations of from 50 mg/ 115 
decilitre of glycerol in water. The spots 
were permitted to dry for a period of 40 
minutes at room temperature. Excitation 
of the reaction product with radiation of 
350 nm wavelength produced fluorescence at 120 
445 nm wavelength. The quantity of 
fluorescence produced at 445 nm (measured 
usmg a fluorescence spectrophotometer) was 
proportional to the concentration of glycerol 
preset in the test sample. 125 

WHAT WE CLAIM IS:— 

1. A multilaver analytical element com- 
pnsmg a liquid impermeable, light-transmit- 
tmg support carrying at least one reagent- 130 
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containing layer on fhe whole of one of its 
surfaces and at least one supeiposed co- 
extensive porous layer carried by flie reagent- 
containing layer or layers, the outermost 
5 superposed layer being adapted to spread 
liquid applied to it. 

2. A multDayer analytical element com- 
prising a liquid impermeable, light-transmit- 
ting support carrying at least one reagent- 

10 containing layer on Sie whole of one of its 
surfaces and at least one superposed co- 
extensive porous layer carried by the reagent- 
containing layer or layers adapted to spread 
and filter liquid applied to it and to provide 

15 a reflective background to the reagent- 
containing layer or layers for light trans- 
mitted throu^ the support. 

3. A multilayer analytical element as 
claimed in Qaim 1 or 2 in which the ele- 

20 ment is in the form of an elongated tape. 

4. A multilayer analytical element as 
claimed in Claim 1 or 2 in which the ele- 
ment is in the form of a sheet. 

5. A multilayer analytical element as 
25 claimed in any of the preceding clauns in 

which the support is cellulose acetate, or 
poly(ethylene terephthalate). 

6. A multilayer analytical element as 
claimed in any of the preceding claims in 

30 which the superposed layer comprises a 
porous blush polymer layer as herem defined. 

7. A multilayer analytical element as 
claimed in Qaim 6 in which at least one 
superposed porous layer comprises a plur- 

35 ality of contiguous blush polymer layers 
having different pore sizes. 

8. A multilayer analytical element as 
claimed in Qaun 2 in which one super- 
posed porous layer comprises a reflective 

40 pigment. 

9. A multilayer analytical element as 



claimed in Oaim 8 in which die reflective 
pigment is titanium dioxide or barium 
sulphate. 

10. A multilayer analytical element as 45 
claimed in any of the preceding claims in 
which the outermost layer comprises a 
diatomaceous earth or uniformly sized inert 
spehrical particles dispersed in a binder. 

11. A multilayer analytical clement as 50 
claimed in any of the Qanns 1 to 9 in 
v/hich the outermost layer comprises uni- 
formly sized spherical glass beads dispersed 

in a bmder. 

12. A multilayer analytical element as 55 
claimed in any of the preceding claims in 
which at least one superposed layer com- 
prises a dialysis layer. 

13. A multilayer analytical element as 
claimed in Gaim 12 in viUch the dialysis 60 
layer is a cellulose acetate membrane layer. 

14. A multilayer analytical element as 
claimed in Qaim 6 in which at least one 
superposed porous layer comprises a single 
blush polymer layer. 65 

15. a' multilayer analytical element as 
claimed in any of the preceding claims in 
which the reagent-containing layer contains 
glucose oxidase, peroxidase and o-dianiddine 
hydrochloride. 70 

16. A multilayer analytical element as 
claimed in any of the Claims 1 to 14 in 
which the reagent-containing layer contains 
copper sulphate and neocuproine. 

17. Multilayer analytical element as 75 
claimed in Claim 1 and as herein described. 

18. Multilayer analytical elements as 
described in Examples 1 to 9, 

L. A. TRANGMAR, B.sa, cp.a.. 
Agent for the A^licants. 
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